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sensitivity of mice toward the lipopolysaccharide (LPS)-Serine Phosphorylation:
induced endotoxic shock. It was found that Stat1S727AArming Stat1 against Infection mice were more resistant to the LPS-induced endotoxic
shock than were isogenic wild-type controls. Consis-
tently, IFN-mediated induction of several Stat1-depen-
dent infection-related genes, such as iNOS and LRG47,
A powerful weapon is critical to a soldier when battling were dramatically reduced in macrophages prepared
with a strong enemy. In this issue of Immunity, Varinou from the Stat1S727A mice. These results demonstrate a
et al. suggest that serine phosphorylation of Stat1, an critical role for serine phosphorylation of Stat1 in
important signal transducer and activator of transcrip- IFN-mediated innate immunity to microbial infection.
tion in interferon (IFN) signaling, is required for Stat1 Another important finding in the paper by Varinou et al.
to fight against a highly pathogenic infection. is that serine phosphorylation of Stat1 does not simply
boost the overall activity of Stat1. In fact, serine phos-
phorylation of Stat1 is dispensable under certain condi-Cytokines, which are secreted by a variety of cell types,
tions. For example, when infected with lower doses ofplay important roles in immune and inflammatory re-
bacteria (104 or 105 bacteria), the Stat1S727A and wild-typesponses. Interferons (IFNs) are important cytokines that
control mice exhibited similar survival rates. In contrast,have antiviral, antiproliferative, and immunoregulatory
all of the Stat1 null mice succumbed to infection. Thus,functions. IFNs are classified as type I IFNs (IFN and
serine phosphorylation of Stat1 is not critical for hostIFN) and type II IFN (IFN). Studies using IFN as the
defense to a milder pathogenic infection. In addition,model system led to the discovery of the JAK-STAT
serine phosphorylation of Stat1 played only a modestsignaling pathway, which is widely used by many cyto-
role in response to LPS-induced endotoxic shock, andkines (Levy and Darnell, 2002; Shuai and Liu, 2003). The
LPS-induced IFN production was normal in Stat1S727Abinding of IFN to its cell surface receptor activates a
mice. Furthermore, the transcriptional activation of sev-latent cytoplasmic transcription factor named Stat1, a
eral IFN-induced Stat1-dependent genes, such asmember of the STAT (signal transducer and activator of
SOCS1 and MHC I, was not significantly diminished intranscription) protein family. Activated Stat1 dimerizes
the absence of Stat1 serine phosphorylation. Althoughand translocates into the nucleus where it binds to the
the importance of Stat1 serine phosphorylation in theIFN-responsive sequence (GAS) of IFN-inducible
regulation of other Stat1-mediated events such as apo-genes. Tyrosine phosphorylation is a critical signal that
ptosis remains to be clarified, the work described bytriggers the activation of Stat1. The tyrosine phosphory-
Varinou et al. has suggested that serine phosphorylationlation of Stat1 is required for its dimerization, nuclear
of Stat1 has a rather specific role. It is possible that thetranslocation, and DNA binding activity.
role of serine phosphorylation of other STATs may also
Shortly after the discovery of Stat1 tyrosine phosphor-
be restricted to certain functions of STATs. In addition
ylation, Darnell’s group described the involvement of
to phosphorylation, Stat1 can also be regulated by other
serine phosphorylation in the regulation of Stat1 and types of posttranslational modifications, such as meth-
Stat3 (Wen et al., 1995). It is now known that mammalian ylation and ISGylation (Shuai and Liu, 2003). It will be
Stat1, 3, 4, and 5 can be phosphorylated at a serine interesting to know if these modifications are also spe-
residue in their C-terminal transactivation domains cifically involved in regulating certain functions of Stat1.
(TAD). Considerable efforts have been made by many The work by Varinou et al. suggests that S727 phos-
groups to better understand the regulation of STAT ser- phorylation preferentially affects the induction of a sub-
ine phosphorylation, the kinase(s) involved, and its bio- set of IFN-induced genes, although a comprehensive
logical significance (Decker and Kovarik, 2000). understanding of the degree of specificity waits for mi-
Stat1 is phosphorylated near its C terminus at serine croarray analysis. The molecular basis for this specificity
727 in response to IFNs or by signals such as bacteria is not understood. Serine727 is located in the C-terminal
or stress. Studies performed in cultured cells have dem- TAD domain of Stat1. Previous studies have identified
onstrated that serine phosphorylation of Stat1 is re- several proteins that preferentially associate with the
quired for the maximal induction of Stat1-mediated gene S727 phosphorylated TAD domain (Ouchi et al., 2000;
activation (Wen et al., 1995). However, the importance Zakharova et al., 2003; Zhang et al., 1998), one of which
of Stat1 serine phosphorylation under physiological set- is the histone acetyltransferase cAMP response element
tings has not been documented. To address this ques- binding protein (CREB) binding protein (CBP)/p300
tion, Varinou et al. (2003) created mice expressing a (Zhang et al., 1996). Varinou et al. examined the endoge-
mutant Stat1 in which serine 727 is replaced with alanine nous Stat1-CBP interaction and their data suggest that
(S727A). These animals were challenged with various IFN-induced Stat1-CBP interaction is largely depen-
doses of the Gram-positive bacterium Listeria monocy- dent on S727 phosphorylation. In addition, chromatin
togenes. Interestingly, as compared to their wild-type immunoprecipitation (ChIP) assays indicated that S727A
littermates, the mutant mice displayed increased mortal- mutation of Stat1 caused a reduced histone acetylation
ity upon infection with L. monocytogenes and a reduced at the promoter of GBP, a gene strongly affected by
ability to clear the bacteria from liver and spleen. It is S727 phosphorylation. Based on these data, Varinou et
al. concluded that the defective recruitment of histoneknown that IFN-activated Stat1 signaling increases the
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acetylases by Stat1S727A might be the mechanism respon- Ke Shuai
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activate transcription. If this hypothesis is true, one Department of Medicine
Department of Biological Chemistrywould predict that histone acetylation might be normal
at the promoters of S727 phosphorylation-insensitive University of California Los Angeles
Los Angeles, California 90095genes, such as SOCS1 and MHC I, in cells expressing
Stat1S727A; something still to be determined. Another im-
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phosphorylation-dependent gene activation. Because
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understand the molecular basis of T cell recognitionMolecular Interactions:
based on crystal structures of TCR/MHC complexes andStiff or Floppy analysis of the kinetics and thermodynamics of these
interactions (Rudolph et al., 2002).(or Somewhere in Between?)
Dilemmas have arisen in both the NK and TCR recog-
nition arenas: how do some NK receptors manage to
bind several different MHCp or MHCI-like molecules that
Recognition of MHC and MHC-like molecules by both only show some 20% identity in linear amino acid se-
natural killer (NK) and T cell receptors (TCR) reveals quence? How do some TCR bind distinct MHCp com-
remarkable degeneracy. The interaction of the NKG2D plexes in which the bound peptides are quite different,
NK receptor with several MHC I-like ligands has now or interact with MHC molecules of different alleles or
been analyzed thermodynamically by McFarland and species?
Strong, who suggest that a “rigid adaptation” mecha- The latest chapter in this ongoing tale of the molecular
nism governs such crossreactivity. This contrasts with basis of degenerate recognition by the C-type lectin
“induced fit” that accounts for TCR adaptation to mul- like NK receptor, NKG2D, is reported in this issue of
tiple MHCp ligands. Immunity (McFarland and Strong, 2003). NKG2D is a
homodimeric, type II membrane protein, characteristi-
The best understood of the cell surface receptors that cally expressed on NK cells, some NK T cells,  T cells,
govern immune recognition by natural killer (NK) cells resting CD8T cells [this is true only for humans;
and T lymphocytes exploit either C-type lectin-like or mouse CD8 T cells must be activated before expressing
immunoglobulin-like scaffolds to support structures that NKG2D], and resting macrophages that are associated
bind either MHC I-like molecules or classical MHC/pep- with a signal transducing subunit, either DAP10 or
tide (MHCp) complexes. The interaction of NK receptors DAP12 (Raulet, 2003). Ligands of NKG2D, though some-
with MHC class I-peptide (MHCIp) or with MHC I-like what different in the mouse and human, have several
molecules activates costimulatory or inhibitory path- features in common: they reveal structural similarity to
ways, depending on the particular NK receptor engaged the classical 12 domain unit of classical MHCI mole-
and the physiological state of the effector cell (Raulet, cules (though they lack bound peptide or a peptide bind-
2003). Recent efforts to understand the interaction of ing groove), and they seem to be expressed in response
NK receptors with MHC molecules have included X-ray to various kinds of cellular stress such as heat shock,
structure determination of a number of NK receptor/ tumor transformation, and bacterial or viral infection. In
MHC complexes and detailed studies of various NK re- the human, NKG2D binds the peptide-free epithelial cell
ceptors binding to their MHCIp or MHC I-like ligands expressed MHCI-like molecules, MIC-A and MIC-B
(Bauer et al., 1999). These are cell surface molecules(Natarajan et al., 2002). These studies parallel efforts to
